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The temporomandibular joint is the only bilaterally coupled joint in the human body. Thus, 
in dynamic MRI examination, both the right and left joints should be imaged simultaneously. 
We simultaneously imaged and analyzed the movement of both temporomandibular joints and 
mandibular movement using optimized ultrafast sequential imaging with multiple coils. 
Abstract 
Purpose: 
Using simultaneous multi-cross sectional imaging, four cross sections, including the 
mandibular midline and the right and left temporomandibular joints, were imaged to observe 
one movement of mouth opening and closing and analyze the movement of the mandible and 
temporomandibular joints.  
Materials and Methods: 
Four cross sections, including the midsagittal section of the mandible, the sagittal sections of 
the right and left temporomandibular joints and the horizontal section containing the heads of 
right and left temporomandibular joints, were imaged simultaneously. The imaging was 
conducted in ten male and female volunteers.   
Results: 
In all volunteers, the relationship of the mandibular movement on the median line with the 
right and left temporomandibular joints was observed. Images of the volunteers with trismus 
indicated the condition in which the right and left temporomandibular joints did not move in 
keeping with each other but moved independently from each other.  
Conclusion: 
Complex movement of the temporomandibular joint was first evaluated by simultaneous 
multiple-cross sectional MRI for the movement of mandible and temporomandibular joints. 
Introduction 
The mandibular movement was conventionally measured by positioning indices on the 
skull surface; i.e., the movement of the temporomandibular joints was measured indirectly. 
This method can directly measure a tracing of the incisor point but not the mandibular 
movement [1] [2] [3] [4].  
In contrast, MRI provides observation of any section and images of the articular disk soft 
tissue without radiation exposure and is very effective for observing the temporomandibular 
joints [5] [6]. MRI provides semi-movement images of articular tissues, but not continuous 
images. On opening and closing of the mouth (mandible) halfway, MR images are taken in 
several steps under the condition that the volunteers stop for several minutes with a spacer in 
their mouth. Based on a series of these static images, the movement can be measured [7] [8]. 
However, this cannot be considered to be an actual reproduction of movement. We therefore 
continuously visualized one side of the temporomandibular joints in opening and closing of 
the mouth by ultrafast imaging (Turbo-FLASH) in analyzable resolution and in real time and 
we used this data to measure the movement of the temporomandibular joint [9]. In many 
recent studies the movement of the temporomandibular joint has been imaged directly using 
MRI [10] [11] [12, 13], however, all of them examined only one side of the 
temporomandibular joint.  
However, the temporomandibular joint is the only bilaterally coupled joint in the human 
body. Thus, temporomandibular joint dysfunction on one side can have an effect on the joint 
on the other side, resulting in an influence on the movement of the mandibular head [4, 14, 
15] [16].  
Therefore, it is difficult to determine the relationship between the right and left movement 
when the movement of the respective temporomandibular joints is imaged separately. To 
accurately evaluate mandibular function, it is necessary to simultaneously image the 
movement of both the right and left temporomandibular joints; i.e., not independently.  In 
particular, when the temporomandibular joint is impaired, the right and left joints move 
separately. Therefore, it is necessary to understand the relationship between simultaneous 
movement of the right and left temporomandibular joints.  In this study, ultrafast sequential 
imaging was optimized and in addition to the sagittal section images of the right and left 
temporomandibular joints, the horizontal section images containing the heads of the right and 
left temporomandibular joints were also obtained; i.e., two kinds of sections of the right and 
left temporomandibular joints were imaged.  Furthermore, the movement of the midsagittal 
section of the mandible was combined, i.e., four kinds of sections were imaged 
simultaneously. The relationship of measurements of the mandible and temporomandibular 
joints (hard tissues) with the articular disk and masticatory muscle (soft tissue) was examined. 
Materials and Methods 
1. Dynamic MRI examination of temporomandibular joints 
 
[Volunteers] 
Ten male and female volunteers, aged from 22 to 40 years, underwent the examination. 
After the study had been fully explained, written informed consent was obtained from all 
volunteers. Each volunteer was positioned supine on the MRI table and the maximal opening 
and closing movement of the mandible was imaged.  
 
[MR system] 
MR imaging was conducted using MAGNETOM Symphony Sonata 1.5T (SIEMENS, 
performance gradients: 40 mT/m maximum amplitude, 200 mT/m/msec slew rate) with head, 
double-loop and neck coils. The movement of the right and left temporomandibular joints was 
imaged using the double-loop coil and the mandibular movement on the sagittal section was 
imaged using the neck coil.  
 
[Imaging conditions] 
True FISP (fast imaging with steady state precession) of ultrafast imaging sequence was 
optimized. To observe detailed movement of the mandible, the imaging time was shortened as 
much as possible. The sequence imaging time depends on the repetition time (TR), i.e., to 
increase a band width (BW) makes the TR shorter. Therefore, a decreased TR reduces the 
phase error associated with less binding artifacts. In this study, imaging was had a trial of as 
BW was decreased gradually from 1502 Hz/Pix, and finally the optimal BW for imaging of 
the temporomandibular joints was established to be 305 Hz/Pix, which provided the clearest 
image. All subsequent sequence imaging was taken at this BW. To obtain movement traces of 
the articular disk and the mandibular head, the plane including the lateral condyle path of the 
mandibular head was selected. To obtain movement traces of the mandibular central incisor, 
which is the most common measuring point to measure mandibular movement, the 
midsagittal section was selected. Finally, to image the movement on the horizontal section of 
the temporomandibular joints, including the right and left mandibular heads in opening and 
closing the mouth, the horizontal section of the temporomandibular joint was selected (Figure 
1).  Four cross sections, i.e., the midsagittal section of the mandibular central incisor, the 
sagittal sections of the right temporomandibular joint, the sagittal sections of the left 
temporomandibular joint, and the horizontal section containing the heads of right and left 
temporomandibular joints, were sequentially excited and imaged at each slice scanning 
(multi-section imaging).  This scanning procedure was repeated 14 times successively. The 
scanning time was 1.5 seconds for each scan and lasted approximately 21 seconds in total. 
The multi-section imaging is likely to reduce the uniformity of magnetic field in MR due to 
wide-range imaging, including the sagittal and horizontal section, resulting in a reduction in 
the SNR. However, reduction of the SNR was prevented by placing head, double-loop and 
neck coils to cover the whole mandible and allow sufficient 3D shimming.   
Images were taken under the following conditions: FOV read:350 mm,FOV 
Phas:68.8 %,thickness:3.0 mm,TR:5.38 Hz/Px,TE:2.69 ms, flip angle: 70 deg, ScanTime:1.6 s, 
Vox:1.82 * 1.37 * 3 mm, Measurements:14, Base resolution:256, Phase resolution:75 %, 
Phase partial Fourier:6/8, BandWidth:592 Hz/Pix. 
 
 
2. Measuring of movement of the mandibular head 
[Analysis method] 
 In the movement of temporomandibular joints during opening and closing of the mouth, 
the maxilla moves slightly backward. Therefore, to examine the mandibular movement alone, 
measurement and reference points were established in MR images (Figure 1), and using 
relative coordinates, the mandibular movement at the measurement point was plotted.  In 
tracing movement of the mandibular central incisor, the measurement point of the mandibular 
bone in which the mandibular central incisor root was fixed and two arbitrary reference points 
with a sharp contrast were also fixed in the skull to estimate the movement trace. Similarly, 
movement of the right and left mandibular heads was plotted by tracing the points of the right 
and left mandibular heads as the measurement points and fixing referent points around the 
mandibular torus and the acoustic pore. Furthermore, on the horizontal plane, the midpoint of 
the right and left mandibular heads was measured and movement of the point was traced and 
plotted by establishing the right and left external acoustic pores as the reference points.  
Results 
After the true FISP sequence was optimized, three-dimensional movement of the 
mandibular joint during opening and closing the mouth was successively measured on four 
different sections.  MRI using double-loop, neck and head coils was able to obtain all of the 
data concerning the mandible in opening and closing of the mouth; consequently, the whole 
mandibular movement was steadily imaged.  There was no interference between coils and no 
artifact generated.  In all volunteers, the mandibular and maxillary movement and tongue 
motion were observed in the midsagittal section.  In the horizontal section including the right 
and left mandibular joints, the movement of the right and left mandibular head and the lateral 
pterygoid muscle were observed simultaneously.  In the sagittal sections of the 
temporomandibular joint, the movement of the mandibular head, articular disk, the superior 
head of lateral pterygoid muscle and articular cavity were observed.  Similarly, in the 
horizontal section of temporomandibular joints, including the right and left mandibular heads, 
in opening and closing of the mouth, the mandibular head and relaxation and contraction of 
the lateral pterygoid, masseter and temporal muscles were clearly observed.   
Of 10 volunteers, 4 exhibited smooth linear movement of the right and left 
temporomandibular joints on the horizontal section of the temporomandibular joints during 
opening and closing of the temporomandibular joints. However, trismus due to the articular 
disk was found in the images of the right and left temporomandibular sagittal sections in one 
volunteer while no trismus was detected in the images of other sections in the other three 
volunteers.  In the remaining 6 volunteers, disturbance in opening and closing of the 
temporomandibular joints was found in all sections, and two of them exhibited marked 
disorders.  The details of these two volunteers are described below.  
 
In measurement for one of the two volunteers noted above, the moving image on the 
sagittal section of the right temporomandibular joint showed that the mandibular head did not 
arc but moved discontinuously, indicating reduced flexibility in the articular disk.  Similarly, 
the moving image on the sagittal section of the left temporomandibular joint showed reduced 
flexibility in the articular disk; consequently, it was confirmed that the articular disk inhibited 
the mandibular head from opening and did not move with the mandibular head but slipped 
backward.  The horizontal section image indicated that the maximum change in opening and 
closing of the mouth was larger in the right mandibular head compared with that in the left 
one.  The MR images on four sections during opening and closing of the mouth of this 
volunteer and the results of movement measurement are shown in Figure 2 to Figure 5.  
Figure 6 shows the moving image on the sagittal section of the right temporomandibular joint 
in which the joint moved along a crank during opening of the mouth. The moving image on 
the sagittal section of the left temporomandibular joint showed that the tracing path during 
opening of the mouth did not correspond to that during closure of the mouth.  
Regarding the other volunteer, the moving image on the midsagittal section of the mandible 
showed normal movement.  However, the MR image on the sagittal section of the right 
temporomandibular joint showed trismus disturbed by the articular disk and the articular disk 
slipped backward during opening of the mouth.  However, the MR image on the sagittal 
section of the left temporomandibular joint showed that the articular disk was dislocated 
forward and that the articular disk returned to the original position during opening of the 
mouth and was dislocated forward during closure of the mouth.  The horizontal section 
image of the mandible showed no difference in the maximum change in opening and closing 
of the mouth between the right and left mandibular heads and it was confirmed that the right 
and left mandibular heads moved in parallel. The MR images on four sections during opening 
and closing of the mouth in this volunteer and the results of movement measurement are 
shown in Figure 7.  
The MR image on the sagittal section of the right temporomandibular joint showed trismus 
disturbed by the articular disk and the articular disk slipped backward during opening of the 
mouth, which corresponded to the horizontal movement during the latter half of 
mouth-opening, as shown in Figure 7.  The MR image on the sagittal section of the left 
temporomandibular joint showed that the articular disk was dislocated forward and that the 
articular disk returned to the original position during opening of the mouth and was dislocated 
forward during closure of the mouth, which was shown in Figure 7. The horizontal section 
image of the mandible showed no difference in the maximum change during opening and 
closing of the mouth between the right and left mandibular heads and it was confirmed that 
the right and left mandibular heads moved in parallel. 
Discussion 
1. Multi-section MR imaging 
A study using fast MRI reported a semi-moving image of the temporomandibular joint in 
one section. However, the study used a series of images of the joint in several still conditions, 
not a natural movement of opening and closing of the mouth[7].  To accurately understand 
movement of the temporomandibular joint, a series of still images can be useful, but 
continuous images in the moving condition is optimal.   
To continuously image the moving mandible and actually obtain measurable images, it is 
necessary to take MR images without reducing the spatial and density resolution. We 
previously imaged the temporomandibular joints during opening and closing of the mouth 
without stopping and obtained continuous images with TR, BW and FOV optimized by 
ultrafast imaging Turbo-FLASH sequence, and measured the mandibular movement[12, 17].  
In that study, however, the right and left temporomandibular joints were imaged separately.  
The temporomandibular joint is the only bilaterally coupled joint in the human body and is a 
special joint that makes gliding and rotating movements simultaneously.  The movement of 
the one temporomandibular joint has an effect on that of the other one and both joints interact 
each other. Therefore, for accurate measurement of the movement of the temporomandibular 
joint, it was considered necessary to measure the right and left temporomandibular joints 
during opening and closing of the same mouth.   
The Turbo FLASH is a single-imaged sequence in which a preparation pulse is added to a 
gradient-echo FLASH (Fast Low Angle Shot) with shortened TE and TR in order to enhance 
the contrast. This results in an ultrafast imaging sequence although its spatial resolution is not 
high. One problem with this approach is that shortening of the TR to decrease the imaging 
time induces a reduction in the contrast between tissues.  In this study, to maintain sufficient 
SNR, the True FISP sequence was optimized and multiple types of coils were used.   
The True FISP sequence is a sequence in which a short TR (<T1, T2) makes a steady -state 
with transverse and longitudinal magnetization and continuously generates MR signals of the 
same magnitude (steady -state movement with free precession).  Consequently, steady -state 
MR signals provide images with good SNR even in a short imaging time.    In this study, 
the optimized True FISP sequence provided increased imaging sections with the optimal TR. 
Consequently, multi-section images of the right and left temporomandibular joints in the same 
movement were obtained during opening and closing of the mouth. In addition, continuous 
imaging on the sagittal and horizontal sections was conducted by 3D shimming and uniform 
magnetic field using plural type coils.  A decreased TR reduces the phase error associated 
with less binding artifacts.  
However, in preliminary imaging, the image of the temporomandibular joints was clearest 
with TR=5.38 ms and BW=305 Hz/ZPx, but not TR=3.6 ms, the lowest value, or BW=1502 
Ha/Px. One possible reason is that in multi-section imaging four different sections were 
successively imaged during one scan and a disturbance in the magnetic field by imaging of a 
certain section had an effect on imaging of the next section due to the shortened imaging time, 
so that images of the temporomandibular joints were clearest with the condition of TR=5.38 
ms and BW=305 Hz/Px.  
 
 
2. Mandibular movement 
To measure the temporomandibular joint comprising hard and soft tissues, MRI that 
simultaneously measures the internal structure of hard and soft tissues can be extremely 
useful; distinct from a measurement device that measures hard tissues, such as the device for 
mandibular movement measuring at the point of the mandibular incisor.  The measurement 
results of this study in a volunteer with marked trismus confirmed that the left mandibular 
head stopped but the right one did not; consequently, the mandible was rotated in the left 
direction as the movement continued on the horizontal section.  Ultrafast MRI of the same 
mandibular movement provides not only sagittal but also horizontal-section images of the 
right and left temporomandibular joints; i.e., the temporomandibular joint dysfunction can be 
observed in three directions.  
MRI provides images that show the type and extent of soft tissues of the articular disk; 
consequently, it demonstrates that the movement of the articular disk has an effect on the 
mandibular movement.  However, it cannot show the path that the mandibular head actually 
makes; therefore, it is important to analyze the movement using MR images.  MR images 
that can show the soft tissue and allow analysis of the mandibular movement are 
complementary and their combination can provide for comprehensive diagnosis.  
Simultaneous multi-section measurement of movement of the temporomandibular joints 
provides simple 3D analysis of the joints. This method can be applied not only to the 
temporomandibular joints but also various joints including the elbow and knee.  In addition, 
as was performed in this study, quantitative measurement of a trace by MR images with 
established numerical parameters for the moving region has the potential to be helpful for 
doctors in clinical observation and diagnosis for moving tissues, including 
temporomandibular dysfunction.  Therefore, this multi-section imaging method is a very 
effective method that easily displays 3-dimensional movement.  
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Figure and Legends 
 
Figure 1.  MR images on four different types of sections:  1) the midsagittal section of the 
mandible – a movement trace of the mandibular central incisor, which is the most common 
measuring point to measure mandibular movement. 2) The midsagittal section of the 
temporomandibular joint – a movement trace of the lateral condyle path of the mandibular 
head to obtain movement traces of the mandibular head. 3) The horizontal section of the 
temporomandibular joint – a horizontal movement trace of the right and left mandibular heads.   
Measurement and reference points were indicated by ○ and ∆, respectively, in each image. 
 Figure 2.  Successive MR images of the mandible on the sagittal section during opening and 
closing of the mouth of a volunteer with marked trismus. 
 Figure 3.  Successive MR images of the right temporomandibular joint in the sagittal section 
during opening and closing of the mouth of a volunteer with marked trismus. 
 Figure 4.  Successive MR images of the left temporomandibular joint on the sagittal section 
during opening and closing of the mouth of the volunteer with marked trismus.  It is 
confirmed that the articular disk reduced flexibility and inhibited the mandibular head during 
opening; consequently, it did not move with the mandibular head but slipped backward.  
 
 
Figure 5.  Successive MR images of the right and left temporomandibular joints on the 
horizontal section during opening and closing of the mouth of the volunteer with marked 
trismus.  It is indicated that the maximum change during opening and closing of the mouth 




Figure 6.  The movement traces of the mandibular central incisor and the peak of the 
mandibular head are shown based on successive MR images of the mandible on the sagittal 
section and the right and left temporomandibular joints on the sagittal and horizontal sections 
in opening and closing of the mouth of the volunteer with marked trismus.  The MR images 
of the right temporomandibular joint on the sagittal section (Figures 2 to 5) show that the 
mandibular head did not arc but moved discontinuously, indicating reduced flexibility in the 
articular disk and that the joint moved in crank-shaped manner in opening the mouth.  The 
sagittal section image of the left temporomandibular joint shows reduced flexibility in the 
articular disk, consequently the articular disk inhibited the mandibular head from opening and 
did not move with the mandibular head but slipped backward, indicating that a line in opening 
the mouth did not correspond to that in closing the mouth.  The graph of the horizontal 
movement indicates that the maximum change in opening and closing of the mouth was larger 




Figure 7.  The movement traces of the mandibular central incisor and the peak of the 
mandibular head are shown based on the successive MR images of the mandible on the 
sagittal section and the right and left temporomandibular joints on the sagittal and horizontal 
sections in opening and closing of the mouth of the volunteer with normal movement on the 
midsagittal section.  The MR image on the sagittal section of the right temporomandibular 
joint shows trismus disturbed by the articular disk and that the articular disk slipped backward 
during opening of the mouth.  The above movement corresponds to the horizontal part of 
movement during the latter half of mouth-opening in the graph.  The MR image on the 
sagittal section of the left temporomandibular joint shows that the articular disk was 
dislocated forward and that the articular disk returned to the original position during opening 
of the mouth and was dislocated forward during closing of the mouth.  The graph shows a 
movement trace indicating that the articular disk returned to the original position.  The 
horizontal section image of the mandible showed no difference in the maximum change in 
opening and closing of the mouth between the right and left mandibular heads and it was 
confirmed that the right and left mandibular heads moved in parallel.  
